Seventy-two crossbred gilts of approximately 33 kg initial weight were used in this study. The gilts were randomly assigned into three groups. The three dietary treatments were basal diet only (control group), basal diet+10 mg/kg lead, and basal diet+10 mg/kg lead+0.5% particulate montmorillonite (PM). The results showed that the addition of lead to the diet decreased significantly the body weight and feed efficiency, but PM could restore body weight and feed efficiency of gilts compared to the Pb exposure group. There were no significant differences in weights of ovaries and uteri with addition of either lead or PM to the diet. Supplementing the lead in the diet of gilts also significantly increased the concentration of lead in blood, decreased circulating lutenizing hormone (LH) and estradiol (E 2 ) levels in serum, the addition of PM to the diet effectively adsorbed and lowered lead concentration in the blood. These data suggested that lead disrupts the signals between the hypothalamus and pituitary gland in gilts, and possibly suppressed the secretion of relative growth hormone and sex hormone. On the other hand, PM may ameliorate Pb toxicity in pigs.
INTRODUCTION
Lead (Pb), formally no element is ever bio-degradable heavy metal, continues to pose health hazards in man and animal worldwide. It affects each and every organ and system in the body (Goyer, 1990; Gilman et al., 1991) . Reproductive defects associated with Pb poisoning have been noted since classical times (Bell and Thomas, 1980) . Until recently, Pb was considered as a major environmental toxin, the animals may be exposed to low concentrations of Pb via contaminated feed, water, and feed additives (EI et al., 2000) . A lot of recent studies have demonstrated effects of Pb exposure on growth and development in humans and animals (Hamilton and O'Flaherty, 1995; Polák et al., 1995; Martin et al., 1996; Maboeta et al., 1999) . Pb may also cause changes in the reproductive system of animals (Oldereid et al., 1993; Apostoli et al., 1999; Benoff et al., 2000; Crystel et al., 2001) . In addition, suppression of postnatal growth rates and strong negative correlations between blood and Pb level in children and reduced growth stature have been reported (Badger et al., 1983; Angle and Kunzelman, 1989) . The blood Pb levels at which these effects occur in humans are so low as to suggest that large segments of the population may be affected (Schwartz, 1992) . In rat models, the results of reproductive toxicity have been reported following Pb exposure to animals. The effects described include changed circulating levels of testosterone, plasma and pituitary concentrations of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) (Sokol et al., 1985; Sokol and Berman, 1991; Kempinas et al., 1994) .
Montmorillonite is a layered silicate with the property of adsorbing organic substances either on its external surfaces or within its interlaminar spaces, by the interaction with or substitution of the exchange cations present in these spaces (Rodriguez et al., 1989; Dale et al., 1991) . Montmorillonite are commonly the main constituent of the clays known as bentonites, its chemical structure is X 0.3 Y 2-3 Z 4 O 10 (OH) 2 ·H 2 O, X = Ca 2+ , Li 2+ , Na 2+ , Y = AL 3+ , Cr 3+ , Cu 2+ , Fe 2+ , Z = Si, Al. It has been demonstrated that 2% of four different kinds of montmorillonite were able to adsorb aflatoxin (Masimango et al., 1978; Ramos and Hernandez, 1996) , faecal moisture (Latif and Quisenberry, 1968 ) and bacterium (Hu et al., 2002) . However, its large supplementation (sometime as high as 2%) has limited use as a result of diluting nutrients. Recently an especial particulate montmorillonite (PM) has been developed by our research team, after specified physics and chemical modification, the material characterizes much higher adsorptive ability to certain substances than other regular montmorillonite (Xu et al., 2003; Lin et al., 2004) .
There are very few published researches on the effects of particulate montmorillonite and Pb in pigs. Therefore, The main objective of present study was designed to examine the effects of lead and particulate montmorillonite on growth performance, hormone and organ weight in pigs.
MATERIALS AND METHODS

Materials
Particulate montmorillonite (PM) was provided by Feed Science Institute of Zhejiang University. It held 380 nm average particle diameter, 200-410 m 2 /g specific surface area and 1.19 mmol/g cation exchange capacity.
Animals experiments
All procedures were approved by the University of Zhejiang Institutional Animal Care and Use Committee. Seventy two gilts (Duroc×Labdrace×Yorkshine) with an average body weight about 33.0 kg were selected from NingBo Zhenning breeding farm and were randomly assigned by weight to three groups, each of which was replicated three times with eight pigs. Pigs in Group 1 were fed basal diet only (control), Group 2 was fed basal diet+10 mg/kg lead (the concentration of lead per kg of diet, lead nitrate, analytical grade, Shanghai Chemical reagent Com., Shanghai, China), and Group 3 was fed basal diet+10 mg/kg lead+0.5% particulate montmorillonite. Complete diets were formulated to meet all nutrients or above requirements (NRC, 1998) . The composition of basal diets and their main contents are shown Table 1 . Feed was provided ad libitum and water was provided by automatic waterers.
Sample collections
On 120 th day of experiment (average final body weight about 103.0 kg), nine pigs from each group (three pigs per pen) were chosen randomly. They were fitted surgically with a polyvinyl cannulae into the jugular vein. Blood was collected at 4 h intervals over the 48 h and were placed in chilled heparinised tubes and centrifuged (10 min, 1,700 g, at 4°C). Serum was stored at -20°C until analysis of luteinizing hormone (LH), estradiol (E 2 ), prolactin (PRL) and progesterone (P 4 ). At the end of the sampling period gilts were euthanized. Ovaries and uteri were dissected and weighed.
Blood lead analysis
The blood samples were subsequently subjected to acid digestion for Pb estimation by an atomic absorption spectrophotometer (AA-6501, Japan) at an absorption wavelength of 283.3 nm according to the method of Hsu et al. (1998) .
Hormone analysis
GH, LH, E 2, PRL and P 4 levels in serum were determined by radioimmunoassay using kits purchased from Northern Immune Technic Institute, Isotopes Company, China. The intra-and inter-assay variation coefficients of the internal quality control pools for LH, E 2, PRL and P 4 were all within 10%.
Statistical analysis
One-way analysis of variance was performed using the General Linear Models Procedures of the SAS software (1989) . Difference among means were tested using Duncan's multiple rang tests. A significant level of 0.05 was used.
RESULTS
Growth performance
Growth performance of pigs fed Pb or PM as compared to the control is presented in Table 2 . The dietary addition of Pb significantly (p<0.05) decreased body weight, average day gain (ADG), average day feed intake (ADFI) in gilts, respectively, increased feed conversion ratio (FCR). However, similarly significant changes in body weight, ADG, ADFI and FCR were not found in gilts fed the diet treated with PM, but Pigs receiving PM had resumed body 
Blood Pb levels and organ weights
Lead concentrations in whole blood sample of gilts from three groups are showed in Table 3 . The blood lead level of Pb-treated gilts was significantly higher (p<0.01) than control animals. But the blood lead level of PM-treated animals declined significantly (p<0.01) after feeding PM compared to the Pb-treated group. The results also showed that neither Pb-treated gilts nor PM-treated gilts affected the weights of the ovaries or the uteri.
Serum hormone levels
The effects of lead exposure and PM supplementation on serum hormone levels are summarized in Table 4 . Concentrations of GH, E 2 and LH in Pb-treated group were lower 27.13% (p<0.01), 12.48% (p<0.05) and 14.34% (p<0.05) than that of the control group, respectively. In comparison to Pb-treated group, the pigs fed the diet containing PM significantly increased the levels of GH, E 2 and LH in serum by 35.60% (p<0.01), 12.67% (p<0.05) and 20.57% (p<0.01), respectively. No significant effects were observed on contents of PRL and P 4 among three groups.
DISCUSSION
The growth performance of gilts fed lead diets are in agreement with the previously reported results for other species (Huseman et al., 1987; Hammond et al., 1990; Huseman et al., 1992; Hammond et al., 1993) . It is evident that lead may be the important component causing growth inhibitory effects as shown in the study. Based on the former literature, Pb in the diet was found to inhibit the growth of animals in a dose-dependent manner. The inhibitory effect of Pb became statistically significant during the long time of exposure, especially when highest concentrations are considered. Huseman et al. (1987 Huseman et al. ( , 1992 have suggested that Pb inhibition of pituitary growth hormone (GH) release may play a role in growth deficits produced by Pb exposure. Comoratto et al. (1993) have demonstrated suppression of growth hormone-releasing hormone (GRF) stimulated GH release in rat following Pb exposure and GRF binding to the GRF receptor in isolated rat somatotroph membranes has been shown to be disrupted by Pb in vitro (Comoratto et al., 1993) . However, the addition of PM in the feed held back obviously the effect of Pb toxicity on growth performance in gilts. It owe to the high specific surface area and strong heavy metal adsorption capacity of PM (Ramos and Hernandez, 1996; He et al., 1999; Hu et al., 2002) .
The Pb level was increased significantly in blood of gilts receiving Pb alone. However, the results showed that the concomitant use of PM prevented the accumulation of Pb in blood and other organs efficiently, almost to the values recorded in healthy gilts. Dale et al. (1991) reported that montmorillonite could adsorb heavy metal cations either on its external surface or within its interlaminar spaces, by the interaction with or substitution of the exchange cations. These biologically active PM might have chelated Pb and enhanced its excretion from the body resulting in reduced Pb accumulation in blood.
In agreement with the previous studies in other mammals (Martin et al., 1996; Wiebe et al., 1988; EI et al., 2000) , the present experiment showed that the weight of ovaries and uterus in gilts fed Pb or PM diet did not differ from control animals. It seems that weight of reproductive organs in gilts is not affected by the diets containing lowdose Pb.
The endocrine and biochemical mechanisms underlying Pb-induced female reproductive toxicity have been little studied. These researches collectively suggest that Pb disrupted both hypothalamic and pituitary function. The results we have studied in gilts following Pb exposure is consistent with that of previous studies in female rats (Martin et al., 1996; Dearth et al., 2002; Dearth et al., 2004) . Lead significantly decreased circulating LH and E 2 concentrations in serum. The present results supported previously reported data that Pb-treated animals manifested a hyperresponsiveness to GnRH stimulation as compared to control animals and are in agreement with a Pb-induced partial disruption of LH release from the pituitary gland. In addition, lead may interfere with calcium-based GnRH gonadotropin release via effects of its intoxication on calcium homeostasis and calcium-mediated cell function (Pounds, 1984; Krsmanovic et al., 1992; Verity, 1992; Skoczynska et al., 2001; Pillai et al., 2003) , and then In addition, the present study also showed that Pb or PM had no effects on the levels of serum PRL and P 4 in gilts. The reason is unclear.
In conclusion, we have studied a developmental gilt model in which the growth performance and reproductive toxicity effects observed in lead poisoning. On the other hand, we have explored the effects of PM on the growth, feed conversion, sexual organs weights and sex hormone in gilts following low-dose Pb exposure. The mechanisms underlying lead effects on reproductive growth performance and physiology appear to involve the dual sites of lead action at the level of the hypothalamic-pituitary unit and directly on gonadal steroidogenesis, possibly involving interactions with the calcium-dependent secondary messenger systems involved in regulation of relative growth hormone secretion and sex hormone biosynthesis. At the same time, we elicited that PM can effectively eliminate the effects of lead toxicity on reproductive incretion and growth performance in gilts. However, the molecular and biological mechanisms of lead toxicity, the dose and the molecular basis of the anti-toxic mechanism on PM should require further investigation.
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